Positive correlations were found among the appearance of adenylate kinase activity in the urine and the existence of bacteriuria, the Fairley test, and other criteria of urinary infection. Since the adenylate kinase isozymes of human tissues are organ specific and can be distinguished from one another, the appearance of adenylate kinase isozymes in urine was used in this study to identify the existence of infection in bladder or kidney. The findings suggest the usefulness of measuring the appearance of urinary adenylate kinase isozymes for the purpose of detection and differential diagnoses of urinary infections, particularly since adenylate kinase is absent or found in low concentrations in urine and serum under normal conditions. Pyelonephritis, the most common renal problem in the adult population, frequently is present asymptomatically until there is advanced progress of the disease. Sometimes pyelonephritis can be detected by bacteriological methods (18), but this bacteriological approach requires 48 h and there is also a high incidence of abacterial pyelonephritis (3, 8, 6, 21) . Searching for more rapid methods, numerous investigators have been studying enzymatic methods such as catalase (3), lactate dehydrogenase (LDH) (10, 25, 26), alkaline phosphatase (2), ,-glucuronidase (14, 29), and ,-glucosaminidase (19, 30), all of which become elevated in urine in association with urinary tract diseases, because they are sensitive, somewhat tissue specific, and easily and rapidly performed. A test strip that detects the presence of leukocytes on the basis of esterase activity has recently been introduced. Furthermore, it has a better than 95% accuracy of predicting a negative bacterial culture. The high sensitivity and specificity of the strip reaction has now been reported in several studies (5, 13, 20, 23, 31) .
Pyelonephritis, the most common renal problem in the adult population, frequently is present asymptomatically until there is advanced progress of the disease. Sometimes pyelonephritis can be detected by bacteriological methods (18) , but this bacteriological approach requires 48 h and there is also a high incidence of abacterial pyelonephritis (3, 8, 6, 21) . Searching for more rapid methods, numerous investigators have been studying enzymatic methods such as catalase (3), lactate dehydrogenase (LDH) (10, 25, 26) , alkaline phosphatase (2), ,-glucuronidase (14, 29) , and ,-glucosaminidase (19, 30) , all of which become elevated in urine in association with urinary tract diseases, because they are sensitive, somewhat tissue specific, and easily and rapidly performed. A test strip that detects the presence of leukocytes on the basis of esterase activity has recently been introduced. Furthermore, it has a better than 95% accuracy of predicting a negative bacterial culture. The high sensitivity and specificity of the strip reaction has now been reported in several studies (5, 13, 20, 23, 31) .
This study demonstrates an enzymatic test which recognizes urinary tract infections and locates lesions associated with bladder or kidney destruction. The urinary enzymes that have been used most successfully have been a number of lysosomal glycosidases, most notably ,Bglucuronidase (12, 25) and N-acetyl-,-glucosaminidase (17) . This study proposes the usefulness of measuring urine adenylate kinase (AK) activity levels because of its normal very low activity in serum and urine, its stability in urine, its sensitivity for detecting silent lesions, and its association in infected urine with pyuria and bacterial colonies. This study also compared the results of AK isozyme analysis with the results of the Fairley technique (11), an invasive procedure for locating urinary tract infections which involves bacterial counts in timed serial urinary collections.
MATERIALS AND METHODS Urine samples. The baseline value of urinary AK activity was determined from normal 24-h urine samples. Urine samples for culture were collected cleanly and were cultured quantitatively for bacteria. The AK activity of these urine samples was compared with the bacterial count. Although diagnoses were occasionally provided to us by the attending house officers, in addition the charts and other supporting data of all patients were examined as necessary.
To distinguish upper from lower urinary tract infection, timed serial urine collections were obtained according to the Fairley technique (11) . Urine fractions were collected as follows. The catheterized bladder was emptied (fraction 1) and then washed with an antibiotic to rid the bladder of all bacteria present (fraction 2). The bladder was then washed free of the antibiotic and timed serial collections of urine were made (fractions 3, 4, and 5).
Reagents. The following materials were obtained from Sigma Chemical Co.: AK from rabbit muscle, grade III; pyruvate kinase, type II, from rabbit mus-was started by the addition of 0.1 ml of a 16.7 mmol/liter solution of MgCI2 to a mixture of 100 ,u1 of sample and 0.9 ml of assay reagent containing a final concentration (per liter) of 20 mmol of potassium phosphate buffer (pH 7.0), 0.3 mmol of phosphoenolpyruvate, 0.15 mmol of NADH, 8.0 mmol of ATP, and 8.0 mmol of AMP and greater than 10 IU of pyruvate kinase and LDH per ml so that the coupled enzyme system was not rate limiting. An IU was defined as the oxidation of 1 ,umol of NADH per min under the conditions above. For the most part, enzyme activities were expressed as 1/1,000 of an IU (mIU).
AK isozyme assay. AK isozymes from different tissues may be distinguished by two methods. The first method is the immunological specificity of the enzyme in cross-reactions with an antiserum against rabbit muscle AK. Different AKs are inhibited to various extents, depending on their reactivities with the antiserum. The second method is the treatment of AK with known sulfhydryl group reagents which inhibit the enzyme. These reagents are AgNO3, PMB, and NEM, which inhibit different AK isozymes to different extents. The details of the methods are described elsewhere (6, 17, 27, 28) .
RESULTS
Level of AK activity in urine. The level of AK activity usually present in 24-h urine specimens is very low (0.47 ± 2.56 mIU/ml) and is not significantly different from a random collection expressed as an activity concentration. Of 30 patients who had no clinical findings of urinary tract disease, 29 had urine AK activity of less than 6 mIU/ml. Two patients had urine AK activity of less than 6 mIU/ml, with histories indicating a false-negative laboratory result. Table 1 compares the AK activities of normal 24-h urine collections (group IB) by using a one-way analysis of variance between the two groups. We were interested in whether the random collection of urine for an indeterminate time interval affected the level of AK activity in urine. There was no significant difference between the AK activity obtained from a random or from a 24-h urine collection, with a baseline value for urinary AK activity of 0.5 mIU/ml. The use of enzyme activity per milligram of urinary creatinine was not considered in this study.
AK in urine. Urine samples which contained AK activity could be stored up to 4 days at 4°C and for several weeks at -200C with little or no loss of activity. Unlike LDH activity (10) , no inhibitor of AK activity was detected in urine. Table 2 shows that a 30% loss of activity was obtained when LDH was added to a normal urine sample. The addition of AK to a normal urine sample did not result in any activity loss.
Other than cells from bladder, urinary tract, and kidney, possible sources of the AK activity in urine during infections are the buffy coat cells and hemolyzed erythrocytes. Slight hemolysis revealed no significant elevation of urinary AK activity by our observations and those of others (15) , and the buffy coat cells have very low specific activity, less than 10 mIU/mg of protein, and were found to contribute little to the elevation of AK activity in urine. By comparison, the specific activities of bladder epithelium and kidney cells were 500 and 600 mIU/mg of protein, respectively.
Organ specificity of human AK. Evidence for the organ specificity of AK isozymes was previously reported for several human tissues (8, 17, 28) and in other species (17, 27) . Table 3 shows that distinctions among the AK isozymes from human bladder and kidney can be made by comparisons of inhibition patterns by antiserum and sulfhydryl reagents. Inhibition by antiserum is extensive for AK activity from bladder tissue and very low for AK activity from kidney tissue. Similarly, the inhibitions by the sulfhydryl reagents, particularly NEM and PMB, were nearly complete for AK activity from bladder and low for AK activity from kidney.
Inhibition patterns of bacterial AK. The inhibition patterns of AK from bacteria commonly found in renal infections were also investigated because they also represent a possible source of urinary AK. A comparison of the bacterial AK and human tissue AK in Table 3 shows that the inhibition patterns of the bacterial AK were different from those of human kidney AK and of human bladder AK and from those of human tissue AK in general (28). In addition, the high concentrations of bacterial cells required to extract sufficient activity for AK activity measurements made it unlikely that we were measuring bacterial AK in our studies of bacteriuria.
Though not shown, the very low AK activity in leukocytes was also verified (15) .
Urine AK activity and bacteriuria. which had elevated AK activity and less than 1,000 or no bacteria per ml of urine were investigated by comparison with other examinations or anatomic findings. Patients in groups IB and IT from Table 4 had negative or insignificant bacteriurias but significant levels of urinary AK. Other known criteria for urinary disease are given in footnote b. The false-positives are given as a separate group. One of the patients in group IB was of special interest because necropsy showed acute tubular necrosis of both kidneys. Another patient in group IB, subsequent to the finding of significant urinary AK activity, had an undiagnosed recent infarct of the right kidney which was discovered at autopsy. The data indicate that, except for 5 of 55 patients, groups IB, II, and IV, a significant urinary AK activity correlated well with urinary tract disease when bateriuria was negative or insignificant. Urinary tract infection was the most common problem involving both the patients with cultured bacteriuria and those with aseptic urine samples, since all of the former and 30% of the latter group had a recent history of recurrent urinary tract infection and marked pyuria in many instances. Although the group IB classification of Table 4 consists of patients with elevated urine AK activities in aseptic urines, most of these positive AK elevations were true positives for urinary infection as shown by subsequent findings described in the footnotes. Urinary tract infection was the most common clinical finding in this group. The relationship between the abnormal urine AK activity and the conditions of the patients in a few instances was not clear. However, the only patient who had an aseptic urine with an AK activity of more than 20 mIU/ml of urine or more had an undiagnosed renal infarct which was identified when the kidney was examined. Furthermore, many patients in group II had an AK activity of 6 mIU/ml of urine or more and had bacterial counts of less than 1,000 per ml.
When the clinical findings were compared with the biochemical studies of the patients with infected urines, pyuria was a frequent occurrence and was associated with cystitis, neurogenic bladder, and recurrent pyelonephritis. In other instances there were findings of colon ' The known conditions were as follows: diabetes mellitus and ketosis, asthma, hemolytic anemic (newborn), metastatic carcinoma of lung, term pregnancy. Follow-up on these patients was not possible.
carcinoma with extension to the urinary bladder, radiation cystitis, lupus erythematosus and septicemia, myocardial infarction with shock, and renal transplant crises. The highest AK elevations were present in pyelonephritis, acute cystitis, radiation cystitis, and acute renal failure.
The validity of the classification by AK activity present in urine by analysis of variance of AK among groups IA, IB, II, and III was significant at P < 0.0001 [F(13.107) = 37.22] ( Table 5 ). The analysis of variance of AK activity among groups IB, II, and III, significant at P < 0.0001 [F(2.96) = 4.94], suggests that there is a relationship between the level of AK activity in urine and the level of bacteriuria. The type of bacteria infecting the urine samples (Escherichia coli, Proteus, Klebsiella, and Pseudomonas species, or Streptococcus fecalis) did not appear to affect the level of urinary activity.
Correlation with the Fairley technique. Table 6 shows the comparison of urinary AK activity with the urinary bacterial counts per milliliter in Locating urinary AK by using AK isoenzymes. Table 6 shows the inhibition profiles on the fourth urine fractions from the same patients. Patient 1 had an AK inhibition profile similar to that given by AK from bladder epithelium and unlike that given by AK from kidney (Table 3) .
This similarity was consistent with a cystitis indicated by the Fairley technique and by the lack of AK activity in the fourth and fifth (not shown) urine fractions. On the other hand, patients 7 to 12 had AK inhibition and activity profile patterns in the fourth and fifth (not shown) fractions similar to those given by AK from kidney ( in the fourth and fifth urine fractions (see Table  3 ). The urine AK activity of patients 3 to 6 had an inhibition consistent with renal derivation. DISCUSSION In this study, a normal AK activity was defined as less than 6 mIU/ml in a random urine sample. The difference between the normal AK level expressed as activity concentration in a random sample and in a 24-h specimen was shown to be not significant (6 mIU/ml was considered elevated). Since the normal AK activity was so very low in urine, there were few false-positives in the control study of 24-h urine specimens, even though the urinary concentration or dilution surely affected the AK level. Thus, the level of AK activity normally found in urine is considerably lower than the value chosen for clinical evaluation.
The detection of asymptomatic urinary tract infection has had a long history of screening tests since the association of bacteriuria with asymptomatic kidney disease. A suitable test should allow detection of disease before the appearance of chronicity and reinfection and should not be a laborious procedure. The potential utility and sensitivity of the AK assay for the detection of urinary tract disease was shown by the false-positives in the initial classification by AK assay alone that proved to be true positives in subsequent findings and by the infrequency of false-positives, which indicated few missed abnormalities. For example, the presence of urinary AK in an undiagnosed renal infarct, an incidental finding at autopsy, suggests urinary AK analysis as a method of detection for lesions not easily demonstrated by other methods. It appears that the presence of infection with continuing tissue injury in the urinary tract can be detected by the AK assay of urine even when the etiological agent cannot be specified, as might be expected in some patients with chronic pyelonephritis and patients with urinary tract infections who are treated with antibiotics that inhibit bacterial growth.
Despite the availability of a number of established laboratory tests measuring various urinary enzyme activities, the interpretation of these tests has been confusing in several instances because there is usually a high specific activity of the enzymes in different tissues, such as erythrocytes, leukocytes, and serum, each of which might separately contribute to the measured levels in urine (22, 24, 32) . The sensitivity of the AK analysis method is demonstrated by the comparison with quantitative bacteriology (Table 4) . The relationship between the number of bacterial colonies per milliliter of urine and the level of urinary AK activity is not direct and is probably through the degree of inflammation, which is variable from individual to individual. Varied inflammatory reaction may also account for the presence of significantly elevated urinary AK activity in the absence of significant bacteriurna. Significant pyuria was present in most instances. It has been reported that a pyuria of more than 20,000 neutrophils per ml is indicative of kidney infection (12) and that there is a group of patients with serious renal infection who have urinary colony counts of less than 10,000 organisms per ml (8, 21) . Therefore, the presence of pyuria and the amount in the absence of significant bacteriuria appear to be important criteria for understanding the significance of elevated enzyme activities in urine, particularly with respect to occurrence of abacteriuric pyelonephritis. The elevated urinary AK activities associated with urinary tract diseases could not be explained as being derived directly from erythrocytes or bacteria and were most probably derived from tissues of the urinary tract.
Other methods that distinguish between bladder and kidney infections include demonstration of decreased ability to concentrate urine (9), the finding of significant bacterial counts in catheterized ureteral urine specimens after repeated bladder washes (11) , and the comparison of plate counts after timed serial urine collection and culture (11, 21) . The analyses of AK isozyme inhibition patterns in urine in Table 3 were consistent with the conclusions drawn from the Fairley test (data in Table 6 ). The AK analyses have the distinct advantages of being noninvasive and rapid with no loss in sensitivity. Recently, AK analysis of urine was studied as a predictor of success or failure of kidney transplants (7) . The studies presented here are an extension of studies to assist in the detection of kidney disease, particularly in the early or silent stages.
